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In most cases where gold or gold alloys are made to
adhere strongly to oxygen-containing substrates,
there is evidence of reaction bonding. In some in-
stances, however, where strong bonds are formed bet-
ween pure gold and these substrates, no evidence of
reaction bonding has so far been obtained and the ex-
act nature of the mechanism involved has still to be
elucidated.
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Gold Plating with Pulsed Current
PRESENTATIONS AT A RECENT SYMPOSIUM
Frank H. Reid
Consultant, Werner Flühmann AG, Duebendorf, Switzerland
At an International Pulse Plating Symposium held under the auspices of the
American Electroplaters' Society on April 19th and 20th, 1979, in Boston,
MA., a number of papers was presented on the pulse plating of gold. The high
promise for improved gold coatings prepared by this method of deposition is
reflected by this review of current developments.
It is now almost a decade since interest in pulse plating as
a technological rather than a pure research tool was
stimulated by the work of Avila and Brown (1), who utilized
pulses and rest periods in the millisecond range to improve
the density and electrical conductivity of gold deposits for
conducting paths in electric circuits. In the intervening
period numerous papers have been published in this field
(for example, the review by Raub and Knödler of the ap-
plication of the technique to the plating of gold, Gold Bull.,
1977, 10, (2), 38-44) and investigational work has also ex-
tended into the plating of base metals, such as chromium,
topper, zint and cadmium.
As for all relatively new techniques, wide claims have
been made concerning the benefits to be derived from elec-
tropla'ting with pulsed current (PC), and a principal object
of the present Symposium was to provide a clear assessment
of the actual `state of the art', with reference to theory and
industrial practicality. In this context, gold plating figured
prominently, in view of the promise of more economie
usage of the metal via improvements in propertjes.
Main interest centred on the widely used acid cyanide
electrolytes containing cobalt additions. Knödler (2)
presented the results of an extensive study of the effects of
PC plating on the composition and some mechanical pro-
perties of deposits from gold-cobalt, gold-nickel and gold-
iron electrolytes, with the general conclusion that PC in-
creases the base metal content and decreases the non-
metallic content of deposits, with significant variations of
composition and properties possible under varying pulse
conditions. Hardness is little affected, but tensile strength is
reduced and brightness diminished. The results were inter-
preted in terms of an adsorption-desorption model on the
lines of those proposed by Cheh (3) and Ibl et al. (4). The
high hardness of direct current (DC) deposits was attributed
to deposition of non-metallic material rather than to the
hardening effect of alloying.
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Effects upon Wear and Related Properties
Other contributions covered the important question of
wear properties. Branik and Schnabel (5) described the
results of wear tests on connector blade assemblies plated
with a number of coatings, selected on the basis of a
preliminary survey of composition, surface condition and
porosity of deposits over a variety of PC conditions and




DC (1 A/dm2) — 0.17 0.34
PC (2 A/dm2)* 2.5/3.0 0.10 0.33
PC (7 A/dm2)* 2.5/20 0.13 0.18
PC (22 A/dm 2)* 2.5/65 0.35 0.04
*peak values
The coatings were operated against spring contacts carry-
ing a clad inlay of a proprietary hard precious metal contact
alloy, for 200 insertion and withdrawal cycles with con-
ti.nttots monitoring of insertion -and withdrawal forces
(DIN 41612). Wear tests were supplemented by corrosion
tests in which contact resistance was measured before and
after exposure to a hydrogen sulphide/sulphur dioxide at-
mosphere. Insertion and withdrawal forces were marginally
lower for one PC (2 A/dm 2) sample as compared with the
DC deposit, but considerably higher for the PC coatings
produced at higher duty cycles, indicative of adhesive wear,
which was confirmed by scanning electron microscopy
(SEM) of surfaces. The authors related the wear results to
the carbon content of coatings, on the view that carbon
released by friction acts as a dry lubricant.
In contrast to this, Reid et al. (6) discussed the wear
characteristics of DC and PC deposits in terms of structural
features as revealed by high resolution transmission electron
microscopy (TEM) on coatings after electrolytic thinning to
about 100 A. DC coatings produced at 1 A/dm' showed
very small average grain size (about 250 A) and extremely
high frequency of pores or inclusions, in the order of 2 to 3
x 10 19/cm 3 . These ranged in diameter from 5 to about 60 A,
giving an average weighted diameter of 25 A, corresponding
to a total pore volume of some 10 per cent. PC (10 ms
on/100 ms off) gave coatings with larger grain size (about
1000 A), completely free from inclusions and with disloca-
tions visible inside the grains. These features readily ex-
plain the high density, high ductility and high electrical
conductivity of PC as compared with DC coatings.
Wear resistance was assessed by SEM observation of wear
tracks produced in sliding between crossed rods as used in
contact resistance measurement. This indicated negligible
wear in either case at loadings up to about 200 g, but gave a
sharp diffèrentiation at a loading of 500 g, under which the
DC coatings maintained excellent wear resistance while the
PC coatings failed rapidly by adhesive wear. The results
were related by the authors to elasticity/hardness factors
governing the transition of contact deformation from elastic
(low wear) to plastic (high wear) regimes. The excellent per-
formance of the DC coatings was ascribed to the sub-
microscopic hardening effect of the non-metallic inclusions,
which also serve to stabilize the fine-grained structure, even
at temperatures up to at least 300°C. For the PC coatings
the elasticity/hardness factor favours earlier transition from
elastic to plastic deformation under load and the effect is
further enhanced due to recrystallization and softening of
the inclusion-free coatings at elevated temperatures which
can easily develop locally in sliding contacts. Adhesive wear
is also favoured in the case of the PC coatings by relative
surface roughness and the absence of foreign material which
might hinder cold welding.
Compositional and structural features were also discussed
by Stimetz and Hren (7), who presented SEM studies of
surface structures and TEM studies of films about 1000 A
thick. Results confirmed an increased cobalt content for PC
deposits, but these authors found no significant difference
in microstructure between conventional and PC coatings
and no tendency for preferred orientation in either case. At-
tention was directed to differences in the density of growth
twins between coatings produced with a 50 per cent duty
cycle and those obtained with a lower (33 per cent) duty
cycle or with DC, but the significance of this feature in
relation to physical, mechanical and electrical properties is
not yet clarified.
Experience of Large Scale Applications
Of major applicational interest was a paper by Leaman
and Kownacki (8) presenting comprehensive data covering
an exhaustive comparison of DC and PC plating of gold-
cobalt deposits in a continuous plating installation, utilizing
indexing and spray cells, using both sinusoidal and square
wave pulse units with pulse times in the microsecond range.
Reduced porosity and resistivity of PC coatings was con-
firmed, but, in contrast to earlier contributions, improved
wear resistance was also reported. Of particular interest was
the observation that the use of PC in nickel pre-plating
resulted in a substantial decrease in porosity of the subse-
quent gold plate.
Successful industrial application of PC electrodeposition
was also reported in a contribution by Rehrig (9), describing
the use of an assymetric AC wave form in the high-speed
selective gold plating of lead frames and presenting com-
prehensive accounts of process development and of the
evaluation of various commercial gold plating solutions,
with particular reference to the bondability characteristics
of deposits.
In conclusion, this first symposium on the subject can be
rated as most successful, attracting as it did an attendance of
over 200 and offering a well-balanced technical programme.
There seems little doubt that with the increasing commer-
cial availability of suitable PC supplies, particularly in the
microsecond range, and with continued research, further
interesting and useful development of this technique is to be
anticipated, both in precious and base metal deposition.
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